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Soil Organic matter

Soil organic matter (SOM) is the fraction of the soil
consisting of .......
 Plant and animal residues in

various stages of decomposition,
 Cells and tissues of soil organisms.
 Substances synthesized by soil organisms.

Most of our productive agricultural soils have between
3 and 6% organic matter.

 Soil organic matter contributes to soil productivity in
many different ways.

Organic matter contains organic carbon and nitrogen.
Carbon is a source of energy.
Nitrogen is a source of protein for microorganisms in the

soil.



Composition of plant residues

The moisture content of plant
residues varies from 60 to 90%
(average 78%) and 25% dry matter
(solid).

Plant tissues (organic residues) may
be divided into (i) organic and (ii)
inorganic composition



Organic Residues
(Un-decomposed organic matter)

Organic                                                            Inorganic

(mineral matter or ash)

S, P, Cl, CO3 , Ca, Mg, Na, 

K, Fe, Zn, Cu, Mn, etc. 

Nitrogenous Non-nitrogenous

Insoluble: protein, peptides, Carbohydrates: Cellulose,  

Peptones etc. starch, hemicelluloses, pectin,                                                                                   

mucilage etc. 

Water-soluble: Nitrates, Ether-soluble: Fats, oils, waxes, resins

ammonical compounds etc.             steroids etc.

Miscellaneous: Lignin, tanin, essential 

oils, organic acids



Fig.: An approximate composition of a green plant material 



Transformation reaction of organic manures in 
soil  (Decomposition of organic matter )

The organic materials incorporated in the soil do not remain
as such very long. They are at once attacked by a great
variety of microorganisms, worms and insects present in
the soil especially if the soil is moist.

The microorganism for obtaining their food, break up the
various constituents of organic residues, and convert them
into new substances, some of which are simple in
composition and others are complex.

The whole of the organic residues is not decomposed all at
once or as a whole. Some of the constituents are
decomposed very rapidly, some less readily, and others very
slowly.



 It is evident that different constituents of organic

residues decompose at different rates.

 Simple sugars, amino acids, most proteins and

certain polysaccharides decompose very quickly

and can be completely utilized within a very short

period.

 Large macro-molecules which make up the bulk of

plant residues must first be broken down into

simpler forms before they can be utilized further

for energy and cell synthesis. This process is

carried out by certain specific enzymes excreted by

microorganisms.



(I) Decomposition of soluble substances
Decomposition of sugar
First, sugar and water-soluble nitrogenous compounds
are decomposed as they offer a very readily available
source of carbon, nitrogen and energy to the
microorganisms. When glucose is decomposed under
aerobic conditions the reaction is as under:

aerobic
Sugar + Oxygen                                Carbon dioxide + Water

condition



Decomposition of nitrogenous compounds
The transformation of organic nitrogenous compounds into
ammonia is called ammonification, followed by
mineralization process termed as nitrification.
This reactions are largely carried out heterotrophic
microorganisms where in oxygen is taken up and carbon
dioxide is released.
Ammonification process involves a gradual simplification of
complex compounds, as follows:

Ammonification:  Organic N → NH3 or Protein → 
Polypeptides → Amino acids → Ammonia 
or salts 

Nitrification: NH4
+ ions → NO2 nitrite (by Nitrosomas

bacteria) → NO3 nitrate (by Nitrobacter
bacteria) 



(II) Decomposition of insoluble substances
(1) Breakdown of protein
Proteins are complex organic substances containing
nitrogen, sulphur, and sometimes phosphorus, in addition
to carbon, hydrogen and oxygen.
The proteins are first hydrolyzed to a number of
intermediate products, e.g., proteases, peptones, peptides,
etc., collectively known as polypeptides.

Proteases          amino acids
Proteins               Peptones                                          Ammonia

Peptides               Amides

The process of conversion of proteins into amino acids is
called aminization.



(2)  Breakdown of cellulose
Cellulose is the most abundant carbohydrate present

in plant residues. The microorganisms break up cellulose into
cellobiose and glucose. Glucose is further attacked by
organisms and converted into organic acids.

hydrolysis                         hydrolysis
Cellulose Cellobiose Glucose

(Cellulase)                     (Cellobiase)

Oxidation                           Oxidation
Glucose Organic acids CO2 + H2O

The decomposition of cellulose in acid soils proceeds
more slowly than in neutral and alkaline soils. It is quite rapid
in well-aerated soils and comparatively slow in those poorly-
aerated.



(3) Breakdown of hemi-cellulose
 When subjected to microbial decomposition,

hemicelluloses are first hydrolyzed to their
component sugars and uronic acids.

 The sugars are further attacked by MOs.
 They are converted to organic acids, alcohols,

carbon dioxide and water.
 The uronic acids are broken down to pentose and

carbon dioxide.
 The newly synthesized hemicelluloses thus form a

part of the humus. Hemicelluloses decompose
faster than cellulose.



(4) Breakdown of starch

 Chemically it is glucose polymer. 

 It is first hydrolyzed to maltose by the action of 
enzymes (amylases). 

 Maltose is next converted to glucose by another 
enzyme (maltase). 

 Glucose being soluble in water is utilized for 
growth and other metabolic activities.



(III) Decomposition of ether-soluble substances

 Fats are first broken down by microorganisms
through the agency of enzyme lipase into
glycerol and fatty acids.

 Glycerol is next oxidized to organic acids which
along with the other fatty acids are finally
oxidized to carbon dioxide and water.



(IV) Decomposition of lignin

 Lignin is deposited on the cell wall to impart 
strength to the skeleton framework of plant. 

 Lignin decomposes slowly, much slower than 
cellulose. 

 Complete oxidation of lignin gives rise to carbon 
dioxide and water.



Importance of C:N ratio in rate of decomposition

 The ratio of the weight of organic carbon (C) to the
weight of total nitrogen (N) in a soil (or organic
material), is known as C:N ratio.

 When fresh plant residues are added to the soil, they
are rich in carbon and poor in nitrogen. The content of
carbohydrates is high. This results in wide carbon-
nitrogen ratio which may be 40 to 1.

 Upon decomposition the organic matter of soils
changes to humus and have an approximate C: N ratio
of 10:1.



The C:N in the arable (cultivated) soils commonly
ranges from 8:1 to 15:1.

The C:N in plant material is variable, ranging from
20:1 to 30:1.

Low ratios of carbon to nitrogen (10:1) in soil
organic matter generally indicate an average stage
of decomposition and resistance to further
microbiological decomposition.

A wide ratio of C: N (35:1) indicates little or no
decomposition, susceptibility to further and rapid
decomposition and slow nitrification.

Conti....



Significance of C:N Ratio
•Keen competition for available nitrogen when organic

residues (with high C: N ratio) are added to soils.

•When organic residues with a wide C/N ratio (50:1) are

incorporated in the soil, decomposition quickly occurs. CO2

is produced in large quantities. Under these conditions,

nitrate-nitrogen disappears from the soil because of the

instant microbial demand for this element to build up their

tissues. And for the time being, little (or no) nitrogen is an

available to plants.

•As decomposition occurs, the C/N ratio of the plant

material decrease since carbon is being lost and nitrogen

conserved. Nitrates-N again appear in quantity in the soil, thus,

increases plant growth.



Consistency of C: N Ratio:

As the decomposition processes continue, both

carbon and nitrogen are now subject to loss the

carbon as carbon dioxide and the nitrogen as

nitrates which are leached or absorbed by plants. At

a point carbon-nitrogen ratio, becomes more or

less constant, generally stabilizes at 10:1 or 12:1.



Integrated Nutrient Management (INM)

Modern agricultural production practices have

emphasized the wide spread use of fertilizer and this

approach has certainly increased grain yield in many

countries in the last two decades.

However, long-term use of chemical fertilizers also led

to a decline in crop yields and soil fertility in the

intensive cropping system.

There is evidence that over fertilization has increased the

concentration of many plant nutrients in both surface

and ground water, which has created a potential health

hazards.



 In order to safeguard the environmental from

further degradation and to maintain the purity of air,

water and food.

 We should opt for less use of chemicals and shift

from chemical to ecological agriculture to fertilize

our fields.

 Hence, in recent years integrated use of inorganic

fertilizers and organic manures has become important

for higher agricultural production.

 No single source of plant nutrients. be it chemical

fertilizer, organic manure, crop residue, green manure

or even biofertilizers can meet the entire nutrient

needs of crops in present day agriculture.



Farmyard manure and compost are limited in

supply and have low nutrient content. However,

green manure is a potential source of organic

manure. The use of plant residues and biofertilizers is

also being advocated in nutrient management.

Organic manure, however, can not used as a

substitute for chemical fertilizer but only as a

component in the whole nutrient management

system as the nutrient needs essential for higher

yield



Therefore, to maintain production at high levels,

resource has to be made to the application of fertilizer and

manure not only provide essential plant nutrients but also

build up the organic carbon and improve soil physical

as well as biological conditions.

As "sustainable plant nutrition to increase food

production" has been identified as one of the priorities

directly linked to land and water management resources in

relation to environment.

Therefore, for the sustained growth, the soil health is

very important to achieve national food security targets.

In addition to this, for maximizing fertilizer use

efficiency and ensure a balanced and optimum supply of

essential plant nutrients, INMs has got special

emphasizes in present day of agriculture.



The concept of integrated nutrient management

(INM) is the maintenance of soil fertility and health,

sustaining agricultural productivity and improving

farmers' profitability through the judicious and

efficient use of mineral fertilizers together with

organic manures industrial/farm wastes and

biofertilizers.

Thus, the objectives of INM are to ensure

efficient and judicious use of all the major sources

of plant nutrients in an integrated manner so as to

get maximum economic yield from a specific

cropping system.



Thank you


